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Ultraviolet Light Depletes Surface Markers of Langerhans Cells 
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KLAUS WOLFF, M.D. 
The Department of Dermatology, University of Innsbruch, Innsbruck, Austria 
This report defines the influence of ultraviolet light 
(UV) on Langerhans cells (LC). 
Human volunteers and hairless mice (Swiss ha/ ha) 
were exposed to various single and/or cumulative doses 
of either UV-A, UV-B or UV-A plus small amounts of 
UV-B (UV-A(+B». 24 hr after the last irradiation, mor-
phology of the entire epidermis was evaluated by both 
light and electron microscopy while LC, in addition, were 
tested for expression of specific histochemical (ATPase) 
and functional immunological markers (Ia antigens). 
In both men and mice, cumulative doses of either 80-
120 J/cm2 UV-A(+B) or 1-2 x 100 J/cm2 UV-A resulted 
in a dramatic reduction of cells exhibiting ATPase and 
la-reactivity. In the UV-B spectrum, single doses of 60-
80 mJ/cm2 produced a virtually complete elimination of 
LC membrane markers. By contrast, pemphigus anti-
gens of keratinocytes were unaffected by these energy 
doses. 
Electron microscopy revealed cellular damage of some 
LC after UV -doses which produce a virtually complete 
abolition of LC membrane markers. 
At certain dose ranges (15-30 mJ/ cm2 UV-B and 1 x 
40 to 2 x 100 J/cm2 UV-A) LC were the only epidermal 
cells to display. morphological damage at the ultrastruc-
tural level whereas higher doses affected all epidermal 
cells. 
The finding that LC surface markers and to a lesser 
extent the cells themselves are particularly susceptible 
to UV irradiation has important implications in view of 
previous findings that LC are potent stimulators of an-
tigen-specific and allogeneic T cell activation. UV-in-
duced alteration of LC plasma membrane integrity may 
represent"a tool to manipulate adverse immune reactions 
involving the epidermis. 
There exists a large body of information about the effects of 
ultraviolet light (UV) on immune responsiveness. In vivo, UV-
B irradiation renders mouse abdominal skin unreactive to top-
ical immunizing doses of dinitrofluorobenzene (DNFB) [1] and 
was found to ·decrease, but not to abrogate, the cutaneous 
delayed-type hypersensitivity to dinitrochlorobenzene (DNCB) 
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Abbl'evia tions: 
ATPase: adenosine-triphosphatase 
DN CB: dinitrochlorobenzene 
DNFB: dinitrofluorobenzene 
FITC: fluorescein-isothiocyanate 
Ia antigen: immune response-associated-antigen 
IF: immunofluorescence 
J / cm2: Joules per square centimeter 
LC: Langerhans cell 
MHC: major histocompatibility complex 
MLR: mixed leukocyte reaction 
PBS: phosphate-buffered saline 
in DNCB-immune guinea pigs [2] and to intradermally injected 
antigen (streptokinase-streptodornase) in man [3]. Another as-
pect of UV -induced altered immune responsiveness came from 
a series of experiments by Kripke et al [4,5] who demonstrated 
that UV -irradiated mice are unable to reject UV -induced tu-
mors which are highly antigenic and are thus rejected by normal 
syngeneic recipients. The underlying mechanisms controlling 
these phenomena are only partly understood but have been 
attributed to the presence of suppressor T cells in the lymphoid 
organs ofUV-irradiated mice [6,7]. Recent in vitro experiments 
indicate that UV produces specific, dose-dependent alterations 
in certain immunological functions rather than initiating indis-
criminate damage of immunocompetent cells. In this regard, it 
has been established that T lymphocytes are more sensitive to 
UV than B cells as assessed by the differential abrogation of T 
and B cell viability and functional capacity [3]. UV irradiation 
renders lymphoid cells incapable of serving as stimulators [8,9] 
in mixed leukocyte reactions (MLR); it abrogates the antigen-
presenting capacity of peripheral blood leukocytes (most likely 
la-bearing monocytes) [10], but does not prevent the generation 
of cytotoxic T lymphocytes directed against allogeneic targets 
[11]. 
Langerhans cells are the only epidermal cells which bear Fc-
IgG and C3-receptor sites [12] and it has been previously shown 
that they are the only cells within the human [13-15], guinea 
pig [16] and murine [17,18] epidermis which express Ia antigens. 
They are the immunocompetent cells of the mammalian epi-
dermis and as such potent stimulators of antigen-specific and 
allogeneic T cell activation [19]. Since they are located within 
a tissue which is accessible and exposed to UV in vivo, it 
appeared reasonable to investigate whether UV affects struc-
ture and function of epidermal Le. In this report, we describe 
the effects of different qualities and energy doses of UV on 
morphology and surface marker characteristics of human and 
murine epidermal LC. 
MATERIALS AND METHODS 
Animals 
Wild type, hairless albino mice (Swiss ha/ ha) were bred at our own 
colony and were used for irradiation experiments at 10-15 weeks of age. 
UV: ultraviolet ligh t 
UV -A: ultraviolet-A, 320-400 nm 
UV-B: ultraviolet-B, 290-320 nm 
UV-A{+B): ultrav iolet-A plus B 
Ultrastructurally, the Langerhans ce ll is historically defined by the 
presence of its unique trilaminar cytoplasmic organelle, the B irbeck or 
Langerhans cell granule [25, 30]. Human LC are rich in these granulRr 
inclusions, whereas in mouse epidermis these granu les are much less 
frequent and are often revealed only after tedious serial sectioning 
[18]. Despite the relative infrequency of granule-positive cells in the 
mouse epidermis, there exists a population of cells which fulfills aU 
other ultrastructural criteria of LC. These cells, referred to as " indeter-
minate cells", have been recently shown by immunological investiga-
t ions to belong to the Langerhans cell lineage [31]. Indeterminate cells 
are a lso present in human epidermis but are much rarer than granule-
bearing LC. While we consider both the granule-bearing cells and the 
granule-free indeterminate cells to be LC, we use the term Langerhan 
ce ll to refer only to the granulated type and the term indeterminate 
cell to mean a granule-negative LC. 
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Human Vo lunteers 
8 h ealthy men (25-44 yr of age) gave informed consent to participate 
in irradiation experiments. 
Light Sources 
3 different qua li t ies of UV were used fo r a U irradiation experiments: 
a . Unfiltered long-wave UV: Fluorescent bulbs (Sylvania FR 90 1'12 
PUV A/H O) mounted in a commercially ava ilab le irrad ia tion uni t 
(PUVA 4000, Wa ldmann, Schwenningen, FRG) were used as irradiation 
source. These bulbs emi t visible light and a continuous UV spectrum 
which is mainly in the UV -A range (320-400 nm) , peaks at 365 nm but 
also includes trace a mounts of short-wave UV (UV-B) as assessed by 
the use of a n IL 700 Research Radiometer (Newburyport, Mass., USA) 
with UV-B monitor (maximu m sensit ivity at 297 nm). T he term UV-A 
(+B) used for this light quali ty thus designates UV-A plus a small 
amoun t of UV-B. 
b. Filtered UV-A: UV emi tted by flu orescence bulbs (Sylvania F8 
T5) was rendered free from UV -B by inser tion of a 4-mm thick window-
glass shield between source and exposed skin ar ea. T he wavelength 
spectrum of this glass-fil tered UV ranges between 320-400 nm with a 
maximum outpu t at 365 nm as indicated by the spectral distribut ion 
curve provided by the manufacturer. T he te rm UV-A used here thus 
designates UV-A without UV-B contamination . 
c . UV-B : Sylvania F 20 1'12 flu orescent light bulbs were used as a 
UV -B source_ These bulbs emi t a continuous spectrum from 290-320 
run and beyond. However, the relative UV-A outpu t of these bulbs is 
extrem ely small a nd its biological effects are thus negligible. 
Energy Doses Administered 
In both men and mice, UV-A(+B) was administered either in a tota l 
single dose of 40 J/cm2 or in mul tiple fractionated doses ranging from 
2 X 40 to 4 X 40 J /cm2 • In the case of UV-A, either s ingle exposures of 
40 and 100 J /cm2, respectively, or mul t iple fractionated exposuJ"es 
ranging from 2 X 40 to 4 X 40 J /cm2 and 2 X 100 to 4 X 100 J/cm2 were 
performed. Repeated exposUJ"es were a lways done at a 24 hJ' t ime 
interval. UV-B was administered only in single doses ranging in man 
from 15-100 mJ/cm2 and in mice from 15-200 mJ /cm2. E nergy amounts 
applied were deter mined wi th the aid of an IL 700 Research Radiometer 
monitoring in either the UV-A or UV-B spectrum. 
Site o f Irradiation 
In man, squares measuring 4 X 4 cm on the ventra l aspects of both 
forearms and buttocks were exposed to the diffe rent UV quali ties, the 
surrounding skin being sheltered by an adhesive light-protec ting tape 
and used as a control area. Mice were fixed to a corkboard to keep 
them immobi.le and their righ t back skin was exposed to the UV-energy 
doses described above, whereas the tape-covered left side served as a 
control. Shave biopsies from either irradiated or non irrad iated con trol 
skin were taken at various t ime in tervals ranging from 0 to 48 hI' after 
the last exposure a nd were processed for routine histology, histochem-
istry, immunoflu orescence and electron microscopy. 
Routine H istology 
Small tissue specimens were fixed in 10% buffered formalin, em-
bedded in paraffin and 6 /lm sections were stained wi th hematoxylin 
and eosin (H & E ). 
Histoch em istry 
Split-thickness skin, obtained by shave biopsy, was cut into pieces 
measuring 1 X 1 cm and exposed to 1 N sodium bromide (N aBr) [20] at 
37°C for 2 hr. Thereafter, epidermal sheets were sepru'ated from the 
underly ing dermis by watchmakers fo rceps. T hey were then fixed by 
overnigh t incubation in 5% cacodylate-bu ffered formalin (pH 7.4 ). A 
formalin-resistant and sulfhydry l-dependent adenosine-triphosphatase 
. (ATPase) at the LC surface was demonstrated by a histochemical 
technique originally described by Wachstein and Meisel [21] and mod-
ified by Wolff and Winkelmann [22]. It has been previously shown by 
ultrastructural cytochemistry that, within the epidermis, this enzymatic 
marker is specific for LC [23,24] and that, if the method is carried out 
meticu lously, the stain yields highly reproducible resul ts [25]. Epider-
mal sheets were mounted on glass slides, cover-slipped and A TPase-
positive cells (i .e., LC) were counted by means of a reticle fi tted in to 
the eye piece of the microscope and calibrated at a magnification of 400 
X. One field outlined by the reticle corresponded to an area of 0.0484 
mm2 • I n all experiments, dendritic ATPase-posit ive cells present in 8 
reticle fie lds were counted and expressed as the number of ce lls (± 
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standard deviation) per mm" of skin surface. ATPase-positive ce ll 
remnants 01' brownish granular debris were not included. 
Immunofluorescent (IF) Studies 
Sma ll specimens of control and UV irrad iated fresh human skin were 
embedded in .Tissue-Tek II O.C.T. embedding medium (Lab-Tek Prod-
l~ CtS! D I.". Miles Labs., Inc., Naperville, Ill. , USA), quickly frozen in 
liqUid mt rogen and stored at -70°C until being sectioned. Using a 
indirect IF technique, we asked whether UV affects Ia antigen expre~~ 
slon on LC and, as a compan son, pemphigus antigen expression on 
keratmocytes. 
4 /lm thick cryostat sections were fixed in ice-cold acetone for 20 min 
r insed in PBS and, in the first step, exposed to the fo llowing sera: ' 
a. Rabbit antiserum speCifically directed against determinants en-
coded fo r by the HLA-D region of the human major histocompatibil it comple~ (MHC) (rabbit anti-l a-antiserum ). This ant iserum was a ge~~ 
ero~s gift of Dr. Dean L. Mann (Immunology Branch, National Cancer 
Institute, Bethesda, Md., USA) and had been previously chru'acterized 
[26,27]. T he. optimal working dilu tion was 1:60 as determined by chess-
boru'd titratIOn. 
. b. Pem~higus antiserum was obtained from a patient with active 
disease (on gmal titer 1:320; working dilution 1:40). 
c. For controls, rabbi t anti-la-antiseru m and pemphigus a nt iserum 
were substituted by 1:10 dilu ted norma l rabbi t serum and normal 
human serum, respectively. 
. In the second ste~, bi~ding of Ia antibodies was visualized by a 1:80 
dilu ted flu orescem-lsothlOcyanate (FITC) -Iabeled goat-anti-rabbit-Ig 
(1?ehnng werke AG, Mru'burg, FRG), whereas pemphigus ant ibody 
bmdll1g was demonstrate~ by using a 1:20 diluted FITC-Iabeled rabbit-
anti-hu man . IgG (Dako-Immunoglob ulins, Copenhagen, Denmark). 
After extensive washes m PBS, slIdes were mounted with PBS-glycerine 
and Viewed under a flu orescence microscope (Ortholux II Leitz Wet-
zlar , FRG) eq uipped for incident illumination. " 
E lectron M icroscop ic Studies 
Finely minced specimens were fixed for 5 hr at room temperature in 
Karnovsky's 1:1 pru'aformaldehyde-glu tru'a ldehyde fixative [28] and 
nnsed 3 t imes 111 0.1 M cacodylate bu ffe r, pH 7.2 at 4°C. After postfi '-a~ion with a 3% aqueous so l ~tion of OsO., at O°C and en bloc staini~~ 
With uranylacetate, the specimens were dehydJ'ated in a graded series 
of alcohol and embedded in Epon 812. Ultrathin sections (Reichert 
ul tracut) stained with lead nitrate were examined with a P hilips EM 
400 electron microscope operating at 80 kV. 
RESULTS 
.In a seri~s of p reliminary experime n ts, we evaluated t h e ligh t 
micr oscopIC m orphology of t h e epidermis a nd t h e ATPase 
r eactivity of epidermal L C after various UV doses at eit h er 0 
3, 6, 12, 24 or 48 hI' a fter ir ra diation . I n rep eated exp erime n ts' 
we obser ved t hat-independe n t of th e ligh t q uality used-mor~ 
phological altera tions a nd ch a nges in histoch emical reactiv ity 
becam e m ost pron ounced between 24 a nd 48 h r after irradiation 
(Table I) . W e th e refore elected to b iopsy 24 ill after th e last 
ilTadiation in each exp erime n t. 
Irradiation with UV-A(+B) 
Light microscopy: In r ou t ine H & E sections, n on e of t h e 
en er gy. d ose.s (l ~4 X 40 J/cm 2) produced gross m orphological 
~te l'atlO r1s 111 e it h er huma n or murin e epidermis, but s ligh t 
lI1 terce~ular ed e m a a nd occasional "sunburn cells" [29] (i.e., 
cell~ Wit h h OI?ogenous, deeply staining cytoplasm s a nd p y k-
nosIs of nucleI) wer e already visible after on e single sh ot of 40 
T ABLE L R edu.ction in num.ber of A TPa.se posit ive cells at differen t 
. tune m teruals after irradiation (60 m.J/ C1ll. 2 UV-B) 
Time in t.erva l in hours between ex-
posure lind biopsy 
o 
3 
6 
12 
24 
48 
Number of ATPase-positive cells/ mm' 
in human epidermis (co ntro\478 + 103) 
480 ± 110 
465 ± 77 
403 ± 77 
333 ± 89 
93 ± 57 
85 ± 63 
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J/cm2 and somewhat more pronounced after a cumulative dose 
of 4 x 40 J/cm2 • 
ATPase maker: r /UV-A (+B) dramatically reduced the num-
ber of ATPase-positive cells in both human and mouse epider-
mis (Fig 1). There was an inverse linear relationship between 
energy applied and number of ATPase-positive cells. Both 
"single shot" and repeated consecutive irradiations were effec-
tive but the greatest reduction of the ATPase-positive cell 
population was seen after a dose of 4 x 40 J/cm2 which reduced 
the number of positive cells by about 85% (Table II) . The term 
"reduction of ATPase-positive cells" deserves further clarifica-
tion. It does not necessarily mean the complete disappearance 
of ATPase-positive material, but rather the loss of clearly 
FIG 1. Sheet prepal"ation of mu'rine epidermis obtained from the 
transitional zone between UV-A(+B) (4 X 40 J /cm2 )-irradiated (right) 
and tape-covered nonil"rad iated control back skin (left). The nonina-
diated half of the preparation exhibi ts dendri tic Langerhans cells as 
visual ized by the ATPase technique. On the irradiated half, on ly a few 
ATPase-positive cell remnants but almost no dendl"itic cells can be 
identified. 
TABLE II. Effect of UV-A(+B) on the /lumber of ATPase positive 
. cells 
Dose in J /cm 2 
o 
1 X 40 
2 X 40 
3 X 40 
4 X 40 
Number of ATPase-positive cells/mm" in 
Human epidermis 
406 ± 72 
280 ± 102 
182 ± 67 
103 ± 54 
62 ± 37 
Murine ep idermis 
1365 ± 126 
850 ± 97 
622 ± 82 
380 ± 94 
186 ± 75 
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dendritic, ATPase-positive cells. Indeed, in some UV -irradiated 
specimens, though depleted of dendritic cells exhibiting the 
histochemical marker, finely dispersed brownish granular de-
bris or clumps of stain were still present. 
Ia antigens: UV-A(+B) affected the expression ofIa antigens 
on human LC in a similar fashion as their ATPase-reactivity. 
Though, on vertical sections, it is difficult to quantitate a 
numerical decrease of la-positive cells, already after a single 
dose of 40 J /cm2 la-positive epidermal cells were reduced in 
number and morphologically changed (distorted, less dendritic) 
as compared to the controls. After administration of 4 X 40 J / 
cm2 dendritic la-bearing epidermal cells were no longer identi-
fied . Instead, traces of granular la-positive material were focally 
observed in the intercellular spaces of the epidermis. 
In contrast to this pronounced depletion of the Ia antigen 
marker of LC pemphigus antigen expression of keratinocytes 
appeared unaltered over the entire dose range. 
Electron microscopy (Table Ill): UV-A(+B) irradiation in 
the doses employed in this study produced only slight patho-
logic changes within the epidermis of either man or mouse. 
After repeated exposures the intercellular space appeared 
slightly widened and, except for some rare "sunburn cells" with 
densely packed keratin fllaments, the keratinocytes displayed 
no signs of alteration, and neither did the melanocytes. In 
contrast, both quantitative and qualitative changes were appar-
ent in the LC population. * 
Though precise quantitative assessment of a cell population 
is difficult by means of electron microscopy and was not at-
tempted in this study, the total LC population in both human 
and mouse epidermis was reduced in number after a single 
application of 40 J/cm2 UV-A(+B) and Temained at approxi-
mately the same level of reduction following repeated doses. 
Quantitation was performed by assessing the frequency with 
which LC were found in multiple sections and comparing this 
to normal (non-UV -exposed) controls. The reduction of the LC 
population was estimated to be roughly 20% to 30%. Despite 
this numerical reduction, there was a residual LC population 
present in human and murine epidermis. In man, the majority 
of these LC persisting after a single or multiple exposures to 
UV-A(+B) appeared morphologically unaltered but a few LC 
displayed signs of considerable damage. They had lost their 
dendl"ites and acquired a rounded or ovoid shape and their 
cytoplasm consisted of a tightly condensed ftlamentous matrix 
with numerous vesicles and vacuoles (Fig 2a). Despite this 
cytoplasmic damage, LC granules were easily identified by their 
characteristic structuxe in the majority of these cells. In Some 
of these condensed cells, discontinuities of the cell membrane 
indicated incipient cytolysis and spilling of cellular contents 
into the intercellular space was observed. Occasionally, portions 
ofLC were found to be engulfed and phagocytosed by sun-ound-
ing keratinocytes (Fig 2b). 
In the mouse a comparable numerical reduction of 20-30% of 
TABLE III. Effect of various doses of different UV qualities on. the ultrastructure of the epidermis" 
Cellular changes 
Langerhans cells .(con-
densation, cytolysis) 
Keratinocytes (vacuol-
ization, cytolysis. su n-
burn cells) 
Extracellular changes 
Widened in tercellular 
space (ICS) 
ICS filled with cellular 
debris 
Invasion of dermal in-
fl ammatory cells 
UV-A(+B) 
(l x 40 J /cm' ) 
+ 
+/-
UV -A(+B) UV-A UV-A 
(2 4 X 40 J /cn") (J - 4 x 40 J/cm2) (3 - 4 X 100 J/cm2) 
- • (l - 2 x 100 J/cm' ) 
+ + + 
+/++ ++ 
+/++ +/- ++ 
+ /- + 
+/- + 
" Observations were similar in human and mouse skin and were thus pooled together. 
UV-B 
(s 15 mJ/cm' ) 
UV-B 
(> 15 mJ/ cm' ) 
+ + /++ 
+/+++ 
+/+++ 
+ / ++ 
+ 
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FIG 2. Huma n epide rmis. UV-A( +B), 40 J /cm 2 A, Ovoid shaped LC exhibiting t ightly condensed cytoplasm wi th numerous vacuoles (\I). 
Surrounding keratinocytes (K) are unaltered and the wid th 0(' the in tercellula r space is wi thin t he range of norma l (x 7,100). Inset shows a higher 
magnification of the lower par t of the LC conta ining the cha racte ristic granules (arrows) (x 21,800) . B , Hemnanl's of LC (arrows) phagocytosed 
by keratinocyte (K) (x 5,500). In.set: High magnification of marked a rea within the LC with abundant granules (arrows ) (x 54 ,200). 
LC was observed and intact LC of either the classical granule-
positive or the granule-negative type were present after one or 
multiple exposures in all irradiated sections of mouse epidermis 
studied. Damaged cells were also seen which bore pathological 
changes analogous to those observed in human skin. Some of 
these cells were granule-positive but most were devoid of gran-
ules (indeterminate cells) and the identification of these latter 
cells as belonging to the Langerhans cell lineage was made by 
exclusion, i.e., they lacked kera tinocyte a nd melanocyte char-
acteristics. Melanocytes appeared undamaged both in human 
and mouse skin. 
Irradiation with UV-A 
Light microscopy: After UV-A (without contaminating UV-
B) irradiation epidermal cells retained their normal appearance 
and only after extremely high doses (3-4 x 100 J / cm 2) "sunburn 
cells" and intercellular edema were apparent. 
. ATPase marher: UV -A had pronounced effects on LC surface 
markers in man and mouse epidermis. In a fU'st series of 
experiments, human and mmine ATPase-positive cells were 
counted after application of either one single dose or 2 to 4 
consecu tive doses of 40 J /cm2 (cumulative dose: 80-160 J /cm2) 
(Table IV). 1 x 40 J/cm2 produced an approximate 25% de-
crease of ATPase-positive cells in both men and mice. Repeated 
exposures, however, did not result in further marked depletion 
of ATPase-positive cells. 
In a second series of experiments, 100 J /cm2 were adminis-
tered e ither as a single dose or through foUl" consecutive days 
TABLE IV. Effect of UVA on. the n.umber of A TPase-positive cells: 
Dose in J/ cm:.:! 
o 
1 X 40 
2 X 40 
3 X 40 
4 X 40 
I. Low dose 
Number of' ATPase:positive cells/ mm' in 
Human epidermis 
432 ± 93 
322 ± 114 
330 ± 215 
330 ± 176 
292 ± l 61 
Murine epidermis 
1201 ± 176 
940 ± 102 
943 ± 122 
896 ± 114 
960 ± 137 
(2-4 X 100 J /cm2) (Table V). In man one · single shot reduced 
the number of ATPase-positive cells by about 65% and 2 
consecutive irradiations by up to 76%. However , furth er incre-
ments of the total energy applied by fractionated administration 
did not result in a greater reduction of ATPase-positive cells ' 
after daily administration of 100 J /cm2 through 4 consecutiv~ 
days (4 X 100 J /cm 2 in 24 hl' intervals) the LC counts-as 
evaluated by histochemistry-on the 5th day were higher than 
those after only 2 consecutive doses of 100 J /cm2, but still 
significantly reduced (44%) as compared to the controls. In 
mouse epidermis, r esults obtained were sligh tly different from 
those in man. We observed a rather continuous decrease of 
ATPase-positive ceIJs proportionally to the gradual increase of 
energy administered. After a total of 4 X 100 J /cm2 there was 
approximately a 90% reduction of this cell population as com-
pared to non-irradiated controls. 
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Ia antigens: Virtually unaltered, dendritic la-positive epider-
mal cells were identified up to a UV -dose of 2 X 40 J I cm2 . 
Higher energies resulted in a loss of their dendritic appearance 
and in a gradual decrease and eventually complete disappear-
ance of la-positive cells. In a reciprocal fashion, granulal' la-
positive material was identified in the interceliulaT spaces of the 
epidermis (Fig 3a,b). 
Again, inteTceliular staining for pemphigus antigens on ker-
atinocytes was unaltered at all energy doses employed. 
Electron microscopy (Table Ill) : Already after a s ingle ap-
plication of 1 x 40 J/cm2 UV-A, we observed a slight reduction 
ofLC or indeterminate cells (mouse system). This slight reduc-
tion in LC numbers was only moderately intensified when 
higher energy doses were applied and did not parallel the 
energy-dependent loss of LC surface markers. Residual LC 
and/or indeterminate cells either apparently escaped damage 
or were altered in a manner identical to that seen after UV-
A(+B) administration (Fig 4a,b) . Exposure ofthe epidermis of 
either species to UV-A doses of up to 4 X 40 or 2 X 100 J/cm2 
produced no changes in other epidermal cells (Table III). When 
doses of 3-4 X 100 J / cm2 UV -A were administered, keratinocyte 
damage and a pronounced intercellular edema were apparent 
and these widened intercellular spaces contained cellular debris. 
Following these high doses (3-4 X 100 J/cm2), inflammatory 
cells or, rarely, cells which qualified as indeterminate cells 
appeared in the basal layers of the epidermis. 
Irradiation with .uV-B 
Light microscopy: In H & E sections of human and murine 
skin, pathologic changes were first seen after application of 40-
TABLE V. Effect of UV-A on the number of ATPase-positive cells: 
2. High dose 
Dose in J /c m2 
o 
1 X 100 
2 X 100 
3 X LOO 
4 X 100 
.Number of ATPase-positive cells/mm' in 
Human epidermis 
432 ± 93 
153 ± 43 
101 ± 72 
147 ± 114 
192 ± 112 
Murine epid ermis 
1201 ± ] 76 
723 ± 204 
581 ± 296 
162 ± 47 
129 ± 99 
F IG 3. Human skin. Cryostat section. A, Identification of [a antigens 
011 epidermal LC with the aid of an indirect immunotl uorescence 
technique using a rabbit-anti-human HLA-D antiseru~ . la-positive 
cells in the epidermis are located in the suprabasal position and exhibi t 
a dendritic shape. B, Skin ilTad iated with 4 X 40 J/cm2 UV-A. Using a 
rabbit-anti-human Ia antiserum in an indirect IF technique, clearly 
defined dendritic cells are no longer identifiable, but cell remnants and 
a granular mate rial in in tercellular spaces sti ll exhibit positive staining. 
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60 mJ/cm". They consisted of intercellular edema with partial 
spongiosis and of occasional "sunburn cells" in th e upper epi-
dermal layers. These changes became more pronounced when 
higher amounts of energy were used. In preliminary experi-
ments in mice, UV -B doses exceeding 120 mJ/cm2 produced 
more widespread necrosis of the epidermis and after adminis -
tration of 200 mJ/cm2, the entire epidermis was necrotic and 
macroscopically, was easily dislodged by sligh t manual pressUl'e: 
A,!,Pase mar/ler: Similar to the results with t he other light 
qualItIes used, we observ~d. a very clear mverse relationship 
between UV-B dose admInistered and ATPase-reactivity of 
human and murine epidermal Langerhans cells (Table VI) . 60-
80 mJ/cm2 in the mouse and 80-100 mJ/cm2 in man sufficed to 
virtually deplete the epidermis from the ATPase marker for 
dendritic cells. The only ATPase-positive substance remaining 
after ilTadiation was in the form of a fine granular material 
dispersed over the sections. 
Ia antigens: As with UV-A and UV-A(+B), the energy-
dependent continuous loss of ATPase-reactivity paralleled t h e 
disappearance ofIa-positive cells and the emergence of granular 
la-positive material in the intercellular spaces of the human 
epidermis. 
Pemphigus antigens on keratinocytes were present and un-
changed over the entire dose range (15-100 mJ/cm2). 
Electron microscopy (Table III) : After doses of 30 mJ/ cm2 
or more electron microscopy revealed the known epidermal 
changes which occur after UV -B irradiation [32-34]: irregular 
dense bodies, clumping of keratin filaments and autophagic 
vacuoles hallmarked the radiation-induced damage of mUl'ine 
and human keratinocytes. The amount of damage was directly 
proportional to the UV -B dose used. In mice, doses over 100 
mJ/cm2 produced frank epidermal necrosis. No pathological 
changes in keratinocytes were seen with doses of:s 15 mJ/cm2. 
Langerhans cells and indeterminate cells appeared to be more 
senzsitive th~n other epid~rmal cells. Ev~n afte~' doses of 15 mJ / 
cm , at whIch the keratmocytes remamed vlltually intact a 
small portion of the LC population exhibited condensation ' of 
the cytoplasm (Fig 5) and incipient cytolysis. LC damage was 
m~re pronoun~ed with higher doses ~f UV-B (> 30 mJ/cm2) 
(FIg 6) parallelIng the overall destructIOn of the epidermis. 
DISCUSSION 
The effect of UV irradiation on the epidermal Langerhans 
cell population had been previously investigated but th e results 
have been conflicting. Fan, Schoenfeld and Hunter [35] in 1959 
reported a decrease of gold-chloride positive high level clear 
cells after UV -irradiation of white guinea pigs which paralleled 
a proportional increase of dopa-positive melanocytes. Zelickson 
and Mottaz [33) observed by electron microscopy a decrease of 
human Langerhans cells 48 hr after a single irradiation with a 
6 minimal erythema dose of UV as emitted by a h ot quartz 
lamp source whereas Wolff and Winkelmann [36], using the 
guinea pig system, found no changes in cellular appearance 
ATPase- or aminopeptidase-reactivity and quantitative behav~ 
ior of Langerhans cells after consecutive daily irradiations with 
a constant energy of UV as emitted by a carbon arc lamp. Since 
the experimen tal designs, techniques to demonstrate LC, light 
sources and doses of energy employed differed considerably in 
these studies and since exact photodosimetry was not employed, 
the results of these early investigations can hardly be compared 
with each other and do not allow valid conclusions about the 
fate of epidermal Langerhans cells following UV irradiation. As 
for the experiments performed by one of us (KW) we can now 
state in retrospect that evaluation of ATPase-staining of LC 
was performed too late after UV exposure in these early studies 
[36]. 
The increasing understanding of the preeminent significance 
of LC in epidermal cell biology prompted us to reinvestigate 
this issue using well-defined parameters. They included the 
exact determination of light soW'ce and amount of energy 
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FIG 4. A, MOLi se epidermis. UV-A, 2 X 100 J /cm". Indeterminate cell (Le, arrow t.ips)-considered to belong Lo the Langerhans ceU system-
wi th condensed cytoplasm, vacuoles (V) and damaged mitochondria (nt) (x 17,100). B, Human epidermis. UV -A, 4 X 40 J /cm2 • Cellular debris 
cont a ining LC-gl'anules (a.rrows) indicating cytolysis of LC in the in tercellular space (lCS). Note in tact kel'atinocytes (K) (x 25,800) . 
TABLE VI. E ffect of UV,B on. the n.umber of A TPase'positive cells 
Nllmber of ATPuse,posilive cells/mm' in 
Dose in mJ/cm' 
o 
15 
30 
45 
60 
80 
100 
Human epidermis 
437 ± 91 
415 ± 122 
217 ± 142 
201 ± 138 
103 ± 103 
74 ± 52 
33 ± 43 
Murine epidermis 
1418 ± 174 
1047 ± 151 
633 ± 132 
190 ± 81 
86 ± 35 
o 
o 
employed, the use of 2 species, the performance of biopsies at 
a constant time interval after irradiation and the use of histo-
chemical, immunological and ultrastructural criteria for LC 
evaluation, 
A br ief summary of our results shows that irradiation with 
each of the 3 UV qualities employed induced the following 
changes in the epidermal LC population: (1) Marked alterations 
, in the s urface marker characteristics of these cells were evident: 
a dose-dependent reduction and finally disappearance of Ia-
positive cells as revealed by immunofluorescence and a parallel 
numeric al reduction of the surface marker ATPase as deter-
mined by histochemistry; (2) In contrast to these light micro-
scopic findings, there was only a slight, seemingly dose-inde-
pendent reduction in LC numbers as determined by electron 
miscroscopy; (3) The vast majority of t he remaining ultrastruc-
turally visible LC appeared morphologically unaltered, and only 
a small proportion of LC displayed profound morphological 
changes. These morphological signs of LC damage occurred 
already with doses of UV that left other cells of the epidermis 
unaltered. Thus, UV exerts a differentiated, nonuniform effect 
on LC surface mru'kers and on the cells themselves; disapperu'-
ance of Ia antigens and ATPase activity of LC does not signify 
a substantial depletion of this cell population, 
R egal'ding the dose-dependent loss of LC surface mru'ker 
chru'acteristics produced by each UV quality, t here was a rough 
correlation between the disappeaJ'ance of ATPase-reactivity 
and loss of Ia-detectability on t his cell population, When Ia 
antigens on LC had been essentially eliminated by UV, granular 
la-posit ive staining persisted in the intercellular areas which 
could be interpreted as representing a UV- induced "leakage" of 
Ia antigens from LC plasn:a m.embra? es. A simila.r staining 
pattern has been observed ill skm sectIOns from patien ts with 
tumor stage mycosis fungoides [37], possibly a consequence of 
LC membrane damage by th e disease process. The fine, gran-
ular, ATPase-positive material which remained dispersed over 
epidermal sheets following irradiation may also be a manifes-
tation of LC membrane damage. The fact that pemphigus 
antigens remained unaltered after UV irradiation indicates 
that-among epidermal ceUs-the UV -induced loss of surface 
mru'kers apperu's to be specific for the LC population. 
As stated above, the dramatic alteration of LC sUlface chru'-
acteristics does not represent a complete physical loss of t he 
entire LC population for substantial numbers of morphologi-
cally virtually unaltered LC were present at a time when their 
sw-face markers were no longer identifiable, Also, the reduction 
of LC numbers and the damage or alterations in a proportion 
of these cells observed at the ul trastructural level after UV-
A(+B) -. UV-A- and UV-B-irradiation was not a dose-dependent 
phenomenon contrasting the loss of surface mru'ker chru'acter -
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FIG 5. Human epidermis. UV-B; 15 mJ/c~2. Condensed LC (ar · 
rows) surrounded 'by intact keratinocytes (K) (x 4,1)00). Inset shows 
higher magnification of marked area. Arrow indicates LC-granule (x 
27,000) . 
·, .. :0 . 
F IG 6. Mouse epidermis. UV-B, 80 mJ /c m2 . Condensed L C. Squares 
indicate LC-granules. Basal lamina (BL) ; Dermis (D) (reduced from x 
39,100). 
istics. The degree of numerical reduction of LC a nd LC dam~ge 
were comparable whether "single shots" or multiple doses were 
administered. E lectron microscopy also revealed that although 
the LC population is not completely destroyed these cells do, 
nonetheless, appear to be the cell type preferentially affected 
by UV. This is true both for the UV-A and UV-B spectra which 
induce morphological signs of cell damage and death in LC at 
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dose levels which seemingly do not affect keratinocytes to an y 
significant degree. The dose range in which UV-B selectively 
affects LC is rather narrow since doses of 30 mJ jcm 2 or more 
not only da mage LC but also keratinocytes. By contrast, UV-A 
over a wide dose range (1-4 x 40 and 1-2 x 100 J /cm2 ) selectively 
damages LC and leaves other epidermal cells virtually unal-
tered. Only when excessive doses of eit her 3 X 100 or 4 X 100 J j 
cm2 are employed, a general deterioration of th e entu'e epider-
mis results. 
The reasons for the disparity between the dose-depende ncy 
of changes in membrane characteristics a nd the seemingly dose-
independent alterations in ultrastructural morphology ar e not 
clear. One may hypothesize that LC membrane dam age is a n 
obligatory UV-induced phenomenon when appropriate energy 
doses are provided and that further extensive dam age leading 
to cell disintegration may be inflicted only on a portion of th e 
LC population at a par t icular stage of cell cycle or state of 
metabolism. 
At the moment, we cannot offer an expla nation for the 
pronounced UV -susceptibility of Langerhans cells. Though it is 
possible that simple differences in epidermal cell geometry [38] 
are responsible for the increased vulnerability of LC to UV , it 
seems alternatively conceivable that structural properties pe-
culiar to LC (i .e. Ia antigens, surface receptors) serve as critical 
targets for UV and are responsible for the UV-induced LC 
damage. 
The implications of the data presented must be deduced from 
recent progress made in the elucidation of LC function . LC are 
mesenchymal cells, originating ti'om a bone-marrow derived 
precursor cell [39]; in all species so far investigated, they are 
the only epidermal cells which express Fc-IgG receptors, C3 
receptors a nd Ia antigens [12-18]. Functionally, they are among 
th e cell types which act in vitro as potent stimulators of antigen-
specific and a llogeneic T cell ac tivation [19]. These fun ctional 
capacities have been shown to be particularly susceptible to 
abrogation by UV. UV treatment of lymphoid cells in vitro 
rendered t hem incapable of serving as allogeneic stimulators in 
the MLR [8, 9] despite the fact that the products of the H-2K 
a nd H-2 D region on such cells were not discernibly affected. In 
another study [10] , hapten-modified leukocytes reportedly lost 
their capacity to present hapten to a ntigen-reactive cells after 
UV -uTadiation. Most recently, Letvin et al [40] demonstrated 
that splenocytes from mice receiving whole- body UV uTadia-
tion do not make a normal primary in vitro plaque-forming cell 
response to the soluble T-dependent antigen tr ini trop henylated 
poly-(L-gluta mic acid-L-ala nine-L-tyrosine) and provided evi-
dence that this impaiJ'ed immune response results from a selec-
tive loss of antigen-presenting cell function in the splenic ad-
herent cell population of the UV -treated mice. 
Our study indicates that this particular UV sensitivity of Ia-
bearing antigen-presenting cells is a lso true for epidermal LC. 
Previous reports have shown that UV -i rradiation reduced the 
development of local delayed-type hypersensitivity [3], ren-
dered guinea pig skin unreactive to topical immunizing doses of 
dinitrochlorobenzene [2] and, in mice, not' only prevented top-
ical sensit ization to DNFB but also induced specific umespon-
siveness towards this antigen [1]. We believe that these phe-
nomena are attributable to a UV-induced loss of LC surface 
characteristics (in particular Ia antigens) but not necessarily to 
a substantial depletion of normal appearing LC t hemselves as 
suggested by Toews et al [1]. On the basis of our findin gs, we 
disagree with their assumption that it is valid to use the UV-
induced Joss of ATPase reactivi ty to indicate the actual disap-
pearance of LC. 
The antigen-presenting capacity of LC is by no means re-
stricted to simple chemical hap tens. It is also conceivable that 
LC accoun t for the effective immunogenic presentation of viral 
and tumor-associated antigens and thus playa crucial role in 
the prevention of the devastating spread of viruses infecting the 
skin and also in the elimination of neoplastic epidermal cell 
clones. Though speculative, this concept is in keeping with the 
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clinical experi e nce t hat U V -irra di t io n r esul ts in activation o f 
h erpes v irus infectio n a nd t h at chronicall y U V -exposed e pider -
mis is m or e pron e t o unde rgo m a lign a n t t ra ns formatio n t h a n 
lig h t -protected skin. 
U V -induced e limination of Ia a n t igens a lso h as importan t 
implications with regard to the rol e of t hese cells as sens it izing 
factors in skin all ogra ft r ej ecti o n . Tho ug h t h e gener ation of 
cytoto x ic T cells is m a inly de pe nde n t o n t h e r ecognition of H-
2K a nd H-2D e ncoded gene produc ts th e cyto tox ic T cell 
response t owards a lloge ne ic targets is grea tly enha n ced whe n 
a n I-region -en coded stimulus is also provided [41]. Eliminatio n 
of t his stimulus by U V-irradiatio n m ay thus r esul t in prolo nged 
surviva l o f only I -regio n dis pa rate e piderm a l allogra fts. This 
assumpt ion is supported by most r ecen t investigations by Stre i-
le in , T oews a nd B e rgstresser [42] wh o t ra nspla nted corneal 
grafts (which a r e known to be devoid of L a ngerha ns cells ) to 
prep a r ed beds o n t h oracic wa lls o f recipie n t mice that diffe red 
fro m t h e ir corneal graft donors at eit h er th e K-region or t h e 1-
regi o n. In t h e case of K-region differ e nces, corneal grafts we re 
rej ected in a first set pa t tern , whereas corneal gra fts from o nly 
I -region differ en t mice s urvived b eyond 45 da ys. These findings 
d e mons tra te th e importa nce of I -r egio n products in inciting 
tran s pla ntatio n immunity. 
The m a nipulation of L C -dep end ent immune r eactions prob-
ably r equires t he comple t e e limination of t h ese cells from t h e 
epide rmis or a perma n e n t a brogatio n of t h e ir functions . Our 
study shows that L C a re not completely re moved by UV-
irradiatio n in vivo; it is also uncer tain, wheth er a long lasting 
depl e tio n o f Ia a n t igens of LC a nd t hus a lo ng-term suppression 
of t h e ir fun ctio n can be accomplis hed in. vivo by th e use of UV-
irradiatio n . Indeed , fo llowing a dra m atic reductio n in the num-
ber o f ATPase-pos itive cells a fter 2 consecutive UV -A-irra dia -
tions t h e numbe r of cells exhibit ing the e nzymatic m arke r b egan 
to s lowly increase despite cont inued UV -A exposure and this 
may expla in th e fa ilure to detec t c ha nges in ATPase-reactiv ity 
of L C in earlier experime n ts [36]. It is feasible that A TPase-
reactivity is r eco nstit u ted in the r esidu a l LC p opulation bu t 
renew a l of t h e L C p opulation can also occur as a r esul t o f a 
migration of L C from t h e d ennis in to t h e epidermis [39] o r of 
mitotic activi ty of L C [43, 44] pers is ting in t h e e pidermis. 
Alth o ugh Ia a ntigens o f L C a r e pro ba bly indep ende n t of t he 
ATPase-marker (whose functio n is unknown) it m ay be as-
sumed t h at, s imilar to th e r eappear a nce of t h e latter , Ia a n t igens 
are also r econs ti t u ted in t h e in vivo setting. B ecause of this we 
fee l t h at a n in vitro a pproach is a more effective s tra tegy t o 
e luc idate be ne ficial a nd/ or adverse e ffects of UV-induced de -
pleti o n of L C m embra ne ch aracteristics a nd experime n ts cur-
ren t ly p erformed indeed show th a t UV-irra diation of L C in 
vitro a brogates a llogeneic T cell stimulatory capacit ies [45]. 
T h e exper t technical assistance of La ura A. Gazze, Alicia Orque and 
Hella StOssl is gratefully acknowledged. 
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Announcement 
The 4th Annual Meeting of the German Society for Dermatologic Surgery will be held in Cologne/ 
Germany, June 12-14, 1981. Emphasis will be on developments in operative dermatology with special 
focus on the extremit ies. Topics will include (1) nail surgery, (2) warts, (3) tumors, (4) hyperthermic 
perfusion chemotherapy, (5) veins and (6) contribut ions to actual problems and free communications. For 
information contact Prof. Dr. Helmut Tritsch, Universitaets-Hautklinik, D-5000 Koeln 51, Germany. 
